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Outline 
•  Charmless two body B0 and B0s decays 

– Recap of Br and CPV status (CDF 1 S‐1) 
– Recent Br and CPV results from LHCb (37 pb‐1) 

– Results from CDF (6 S‐1) ‐ new for FPCP 
–  B0s→K+K‐ life3me 

•  First search for CPV in B0s→ φφ  (new ‐ CDF 3 S‐1)

•  Observa3on of B0s→K*K* (LHCb, 35 pb‐1) 

•  Other LHCb and Belle results 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Tree 

B→hh’ decays 

•  B0, B0s, and Λ0
b decays into π, K or p. 

•  Amplitudes: 
– Tree  
– Penguin (strong and electroweak) 

•  Many open channels in similar final 
states: constrain hadronic unknowns 

•  Contribu3ons of new par3cles may 
enter in penguin diagrams (→NP) 

•  Sensi3ve to Vub phase, CKM angle γ

INFN Pisa & University of Siena  F. Ruffini  3 

?

Penguin 



B→hh’ at CDF (1 S‐1) 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Phys.Rev.Lea. 103, 031801(2009), 
 Phys.Rev.Lea. 106, 181802(2011) 

Signal composi3on from 5‐dim ML fit, combining informa3on 
from kinema3cs (mass and momenta) and par3cle ID (dE/dx). 

Good mass resolu3on (∼22 MeV/c2), but 
individual modes overlap in a single 
peak (width ∼35 MeV/c2 ).  

PID provides only sta3s3cal separa3on.   

Each mode is a background for others. 
Eg,  Λ0

b→pπ/pK are “backgrounds” of  
B0s→K‐π+ signal.  



Branching Ra3os summary 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World first
World best 

(A):  PRL 103, 031801 (2009) 
(B):  PRL 106, 181802 (2011) 
(C):  PRD 82, 072007 (R) (2010) 
(D):  PRD 75, 012008 (2007) 
(E):  PRL 99, 121601 (2007) 
(F):  PRL 98, 181804 (2007) 



LHCb recently joined … 
•  Environment: very high B produc3on rate efficiently 
exploited by large trigger bandwidth. Advantage over CDF.   

•  Trigger: large ET clusters in hadronic calorimeter and high pT 
tracks with large impact parameter. 

•  Offline: independent selec3ons for best sensi3vity in ACP 
(B0→K+π ‐) and ACP (B0s→K‐π+).  

•  Analysis:  
•  Use powerful PID informa3on to iden3fy mutually exclusive samples 

for each mass hypothesis (K+π ‐, K‐π+, π+π ‐, K+K‐, pK…). Advantage over 
CDF. 

•  Fit mass distribu3ons and extract raw number of events. 
•  Correct for instrumental and produc3on asymmetries (pp is not CP‐

eigenstate). Laaer may be limita3on with respect to CDF 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... and already very compe33ve (37 pb‐1) 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ACP (B0→K+π‐) = (‐7.4 ± 3.3 ± 0.8)% (preliminary) 
ACP(B0s→K‐π+) = (15 ± 19 ± 2)% (preliminary) 

Sta3s3cal uncertain3es already very promising. 

B0→Kπ: 1447  ±  50  ev 
B0s→Kπ 
B0→ππ 
B0s→KK 
ws B0→πK 

B0→Kπ 
B0s→Kπ: 52  ±  10 ev 
B0→ππ 
B0s→KK 



CP viola3on in B0→K+π-

•  Known at 2% from B‐factories. CDF has now the same 
sensi3vity, LHCb will soon dominate the sta3s3cal precision. 

•  CP viola3on established at  ∼9σ but  
–  incompa3ble with ACP (B+)(=0.051 ± 0.025) as expected by 
predic3ons that use 1/mb expansion. Solid ∼5σ discrepancy 

–  Intense theore3cal work to figure it out.  Most probably due to 
unaccounted strong phases in 1/mb expansions, although s3ll 
no firm conclusion. Addi3onal experimental input needed. 

–  Interes3ng constraint from B0s→K‐π+. Compare rate 
asymmetries of B0→K+π‐ with B0s→K‐π+ to probe NP with liale 
assump3ons. 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CP viola3on in B0s→K‐π+ 

•  CDF recently published first direct CPV in the B0s using just 1 S‐1. 
•  Agrees with “sum rule” (Gronau and Rosner, Phys.Rev. D71 (2005) 074019], [Lipkin, Phys. LeL. 

B621:126, .2005]) SM predic3on (+37%) within large uncertain3es.  

•  More sensi3ve constraints expected with current sample. 

•  LHCb already sees a signal and has preliminary ACP measurement 
–  Will soon dominate the precision, and may use precision Br to extract 

informa3on on  γ angle (Chiang, Gronau, Rosner PLB 664,169 (2008)]) 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University 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 F. Ruffini 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First evidence of annihila3on Bhh 
decays  – CDF, new for FPCP 

•  All final‐state quarks different from ini3al state quarks 
⇒only via annihila3on‐type diagrams. 

•  Not yet observed. Small BR, with large uncertain3es.  
– Depends on hard‐to‐predict hadronic parameters ⇒large 
source of uncertainty in calcula3ons. 

•  B0s→π+π- rate expected x3‐x4 larger than B0→K+K‐. 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CDF data ‐ 6 S‐1 

INFN Pisa & University of Siena 

Improvements 

•  x3 in sta3s3cs 
•  Likelihood rewriaen using easier to 
parameterize kinema3c informa3on 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-1 = 6.11 fbL dt#CDF Run II Preliminary 

B0→K+π- ∼ 10.200 ev 
B0s→ K+K‐ ∼ 3.008 ev 
B0→π+π- ∼ 2.600 ev 
B0s→K‐π+ ∼ 760 ev 
B0→ K+K‐  ∼ 120 ev 
B0s→π+π- ∼ 94 ev  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Separa3ng signals: mass term 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Probability of observing 
square ππ‐mass  given 
momentum asymmetry   
β=(p+ ‐  p‐) / (p+  + p‐) 
and sum ptot = p+ + p‐ 



The kinema3c separa3on 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Exploit dependence between m2
ππ and β to obtain discrimina3on 

power amongst modes.  Useful to discriminate K+π ‐/K‐π +  final 
states.   



Separa3ng signals: PID term 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2‐par3cle joint PID probability 
at given momenta. 

PID informa3on contained in Kaonness (κ) 
variable (0 for pions and 1 for kaons.) 

dE/dx calibrated on pure K and π samples from 3.2M decays: 
 D*+→D0π+→[K‐π+]π+  (sign of D*+ pion tags D0 flavor) 

1.4σ K/π power separa3on for track p>2GeV/c. Becomes 2.0σ  for 
the pairs KK/ππ and K+π ‐/π +K‐. 



The PID separa3on 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π K 

π
K 

1.4σ K/π power separa3on for track p>2GeV/c. Becomes 2.0σ  for 
the pairs KK/ππ and K+π ‐/π +K‐. 



New result: B0→K+K‐ 

16 

120 ± 49 ± 42  B0→K+K decays observed. Signal seen at the 2σ level 

Cdf public note 10498  hap://www‐cdf.fnal.gov/physics/new/boaom/110520.blessed‐bspipi_6S/bspipi_6S.html 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New result: B0→K+K‐ 

World’s best.  Two sided limit 0.05 < Br*106 <  0.46 @ 90% CL. 



First evidence: B0s→π+π- 

18 

94 ± 28 ± 11 B0s→π+π- decays observed.  
First evidence (3.7σ) of a pure‐annihila6on charmless B decay. 

Cdf public note 10498  hap://www‐cdf.fnal.gov/physics/new/boaom/110520.blessed‐bspipi_6S/bspipi_6S.html 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Agreement with pQCD: 0.57+0.18‐0.16 PRD 76, 074018(2008), and 0.42± 0.06 from Y Li et al., 
PRD 70, 034009 (2004) 

First evidence: B0s→π+π- 

F. Ruffini 



•  B0s→ K+K‐ a fairly copious B0s signal in a nearly pure CP eigenstate 
(light). Observed by CDF in 2006: PRL 97:211802 (2006). 

•  Life3me provides informa3on on decay‐width difference, 
possibly sensi3ve to BSM physics. 

•   Fi}ng it with a single exponen3al yields  

B0s→ K+K‐ life3me 

INFN Pisa & University of Siena  F. Ruffini  20 

≈ 1.39 ps in SM 

•  Experimental challenge correc3ng for  
trigger/selec3on biases on observed life. 

•  A preliminary CDF measurement (2006) 
with 360 pb‐1 yields 1.53 ± 0.18 ± 0.02 ps.  

hep‐ex/0605038 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Two methods (with consistent results) to correct 
life3me bias (see also M. Calvi’s talk on Monday) 

•  Absolute measurement: two‐steps unbinned 
ML where L ∼ pdf(mass)*pdf(life3me) 
–  Pdf (mass) determines the S and bkg prob for 

each event. 
–  Pdf (life3me) takes into account: 

•  result of the mass fit 
•  per‐event acceptance: given an event, there is a 

direct rela3on between proper decay 3me and 
kinema3cs. You take in account the acceptance using  
kinema3cs info.  

•  Rela6ve  measurement: B0s→ K+K‐ and B0→ K+π-  
differ only in the spectator quark 
–  The two decays are kinema3cally similar 
–  You cancel the acceptance by taking the ra3o of 

the two correspondent proper decay 3me  

B0s→ K+K‐ at LHCb 

Preliminary 

fit 
B0s→KK 
bkg 



First search for CPV in B0s→φφ  
•  CP‐viola3on expected 3ny in SM for Bs→φφ. NP could 
enhance it. 

•  CDF uses 300 decays reconstructed in 2.9 S‐1 and look 
for asymmetry in angular quan33es u and v. 
Propor3onal to Triple‐Products and expected to vanish. 

•  Ingenious way to measure CPV with low stat samples, 
before any tagged analysis 

22 

Φ

u is CP-odd 
and it is a Triple Product (TP)  

For TP: D. London and A. Daaa, hep‐ph/0303159  INFN Pisa & University of Siena 



Au= (‐0.8 ±6.4(stat.) ±1.8(syst.))%  

Av= (‐12.0 ±6.4(stat.) ±1.6(syst.))% 
No CPV found within 7% uncertain3es.  
First constraints to TP asymmetries. 

B0s→φφ  results  

23 

CDF Public Note 10424 

F. Ruffini INFN Pisa & University of Siena 



First observa3on of B0s→K*K* 

•  Solely b→s loop penguin in SM. 
Mixing‐induced and direct CP 
asymmetries sensi3ve to NP. 

•  Test hypothesis H0(bkg‐only) 
versus H1(S+bkg) to evaluate 
significance of the decay 
– Mass and width of B0s from 

independent sample B0s→J/ψφ 

– Mass and width of B0 from 
independent sample B0→J/ψΚ*   

INFN Pisa & University of Siena  F. Ruffini  24 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Other measurements 

•  LHCb: first observa3on B0s→Ds2
*+Xµ-ν decays:

•  LHCb: improved measurements of the Cabibbo 
favoured B0(s)→D(s)πππ  and Λ0

b→ Λ+
cπππ BR 

INFN Pisa & University of Siena  F. Ruffini  25 



Other measurements (cont’d) 

•  LHCb: first observa3on of B0s→D0K*0 (34.5 ± 
6.9 ev, 9σ sig) and measurement of the ra3o                       
BR(B0s→D0K*0 )/BR(B0→D0 ρ0) = 1.39±0.31±0.17±0.18(fd/fs) 

•  Belle: Observa3on of B0s→D‐(*)
sD+(*)

s 

INFN Pisa & University of Siena  F. Ruffini  26 



Conclusions 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•  First evidence of annihila3on B0s→π+π- decay (CDF ‐ new) 
•  First two sided bound on Br(B0→Κ+Κ-) (CDF – new) 
•  First evidence of  B0s→Κ*Κ* decay (LHCb – new)  

•  First search for CPV in B0s→φφ (CDF – new)
•  World’s best B0s→Κ+Κ- life3me (LHCb – new) 

With CDF at the peak of maturity and LHCb quickly ramping up, the 
physics of hadronic B decays is entering an exci3ng new era: the 
systema3c and detailed explora3on of the B0s sector. Many new 
interes3ng results are popping up – today just shown a subset: 

CDF is finalizing analyses with full Run II samples, LHCb data are 
growing impressively fast. 
Expect a lot of experimental progress in the next few months.   



backup 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✓ World first
✓ World best

✓ 

✓ 

✓ 
✓ 

✓ 

✓ 

✓ 

✓ 



Branching Ra3os summary 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World first
World best. (I will 
color the 
correspondent 
numbers) 



Results on Bhh ‐ 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✓ World first
✓ World best

✓ 

✓ 

✓ 
✓ 
✓ 

✓ 

✓ 

✓ 



Specific mo3va3ons 

•  Bs→K+K‐ 
–  from the life3me informa3on on the rela3ve width‐ difference ΔΓs/Γs. 

Compare with Bs mixing results to search for new, CP‐ viola3ng physics. 
•  B0→K+π‐ 

–  ACP(B0) non compa3ble with ACP (B+) as expected [PRD71:074019, 2005] 
–  This prompted intense theore3cal work to explain it in the SM.  S3ll no 

firm conclusion because of large theory uncertain3es. Hints of NP?  
•  Bs→K‐π+ 

–  Comparison rates and asymmetries of B0→Kπ with Bs→Kπ to probe NP 
with no need for specific assump3on, just SM [PLB621:126, .2005]  

–  BR sensi3ve to γ angle [PLB 664,169 (2008)] 
•  B0→K+K‐ and Bs→π+π‐  

–  would allow a determina3on of strength of penguin‐annihila3on 
amplitudes [NPB697,133(2004)]. 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Improvements in the update: 

•  x3 in sta3s3cs 
• Likelihood terms rewriaen. Same 
kinema3cs info (mass, momenta and dE/dx) 
using different variables. 

o New variable β easier to parameterize 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Momentum imbalance 
β = (p+ ‐ p)/(p++ p‐)  

dE/dx observables 
(unchanged) 

Scalar sum of 3D momenta 
pmin + pmax  Square Invariant ππ‐mass 

(instead of ππ‐mass) 

B→Kπ  ~ 10200 ev 
B→ππ  ~ 2600 ev 
Bs→Kπ ~ 760 ev 
B→ KK ~ 120 ev 
Bs→ππ ∼ 90 ev  



Separa3ng signals: momentum term 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Two dimensional joint p.d.f. of 
beta and ptot  

ptot =  pmin + pmax   
Scalar sum of 3D momenta   

α = [1‐ pmin/pmax] qmin,                   
Signed momentum‐imbalance   



B→hh’ at CDF (1 S‐1) 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Phys.Rev.Lea. 103, 031801(2009), 
 Phys.Rev.Lea. 106, 181802(2011) 

Signal composi3on from 5‐dim ML fit, combining informa3on 
from kinema3cs (mass and momenta) and par3cle ID (dE/dx). 

Good mass resolu3on (∼22 MeV/c2), but 
individual modes overlap in a single 
peak (width ∼35 MeV/c2 ).  

PID provides only sta3s3cal separa3on.   

Each mode is a background for others. 
Eg,  Λ0

b→pπ/pK are “backgrounds” of  
B0s→K‐π+ signal.  


